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(57)Abstract: 

PURPOSE: To provide a semiconductor device having 
groove gate type MOSFETs whose switching delay 
time is short. 

CONSTITUTION: This is a semiconductor device 
having at least one field effect transistor in which the 
source and drain regions are formed by a high 
concentration diffused layer 13' and a low 
concentration diffused layer 13, a groove part is 
provided in the channel part between the source and 
drain regions, the gate electrode 10 is provided via 
the gate insulator film 9 in the groove part, and the 
gate electrode 10 is placed on the surface of the 
substrate outside the groove region via a nitride film 5 
which is thicker than the gate insulator film. 
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^©««S»fc»fcSl»«®-e;fco-C, y— KWf 
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l ox©. *netv©ffiJg©±©ffiili$|©jJrS©«J#K 
:*£15W, K7t*>€>¥^S«fclHlSlISr»fiJti-6m2<o 

lis -t^ttiopflgjjrtfc^-Mftiisjgis-^i-iBs 
©x@, y-M6»igt0ic7)^iRi8i(oj:(c, mm<om 
#©y-h«te&*4^*tj&fc-?-5#4©x& x y-h 
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©x@, m 1 2 ^ss»<ov ^-rtifr-jjom 

»jeSSr^-t"5Jg 7 WXISAOtJilEffil*©^*-^^ 

20 m. 

(00 0 1) 

%&4>t&9WbMb9lsisX# ftletal OxideSemiconducto 
r field effect transistor ; £tT\ MO SFETiH 

[000 2] 

m^<r>mS\ MOS F E T^fflV^fc^«|Hl^0?f5^J 
30 0. 8 S^oV©^^^-^ 4p«^flfyhOS 

[00 0 3] it^-C, MOSFET§©^if© 

[0004] i<oRi©it#ffe*oyfc«>*s s HsM/hai-r* 

* y MOSFET=Sr|»iW'fbU-Cfir<fc«>»c:f±, i 

«r»*V^» y-h®ffi^te^0. 2 
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[0 0 0 5] r*u*« m^aJAairfcsy-;* KW 

KWi^W(6d»fe*0»/tffiSJB*«, y-* 
««KitU -€r<o«$* % y-Jx^+^/wffifDxtfxV'^ 

hSUMOS FETti-5^(DX^/j:*nT 

10 0 0 6] «Mfc«)JJl4'— hSMO S F E T«3»f®iaS: 
SI 2 ld^-f- 0 ¥*<*S« ( l ) <©*^M#I(»i&<fbBI 

(2) ff>mm<om*)icmLm9.mtmmmif^i,<. t>> 

»£«>i&^iS»fi?«g« (3) dJft^Mhj;/?- 
«t LT^S*tTJ3») , y-*|«& K W 

#i£fe-#--5*t«t« (13, 1 3\> ; €>mtz.mtiiistvitm 

(6) lis y-hBWfctt (9) *^LTy-K«ffi (1 20 
0) piWt^JotlX^o znMmzZiX, £;2J§<OJE 

tbT, #8BHg5 0-8 4 8 3, #PBB856-8397 

[0 0 0 7] 

[0008] *#W©SJ 1 ©a Wtt, SSy- hS!MO S 30 
^tfcfcSo *38«H«>|g2cOB«) 

«<0»tiS^jSfeSrfi«-t-5 £. * Id*,*. 
[0 0 0 9] 

[fflvK£#ft-f-£fc»<D^IB:] -hlBS&KOBWSrigfiM- 

[0 0 10] £. Y7^*S*9 <D>f— V ®M 

^— h«<S£®fatftt-C#S«>-v?#* Lv\, y— 

KWJ/«*©«iSar»fc* W$s<D&jRJ|gXliW, 
Mo, Ni, Ti, C o&<0&m<0~>V KB^BBB 
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F E T t n SMO S F E T<0<t jt^ll t , ±iB©«##l 
[0 0 11] 4fc, -hfES^2»a(HjSr^fi)ci-SfcJ6^. 

{8ISS*&^&^**fcLTy--;x. KWVffltfSrflSfifc 
[0 0 12] Sfcfc, ±8E^2«>B«)S:^f5fc«> 

[0 0 1 3] **S$t>fc, ±|Bjg20BWS'^!c-t-5fc 

^en® i <oimm$:ifc£ l, ^ < k 1 coite^ i: 

[00 14] 



s 

l^^ffi#<DJ6&B£S#'>$<fc*K MOSFET© 
[00 1 5] x = (CV) /I 
[0 0 1 6 J *fc. hSttetCjJ'^i/^^^^iBB 

tfcig^tt, his***** 
otaik a*oMosFETt?j^*jT-tv^, D-y-y- 

[0 0 171 

OSFETSrWfcKWtS^ pSICMOSFETt, 
[0 0 1 8] *1\ 03 (a) lc*Lfci5fc, pSJw 

¥#<*:S4s (i) <o&m^ Mattm**-* (0^* 

gftlttkbfc^. 5B««ftfllj*-e*^li»<fcK (2) Srfifc 

5MOS F ETOTJWfcflWrrS^ *jMWII"ett 
0 . 5 v mft^-C«Jp*VT V *6 6XlOVc mMctS 

*bK (2> <D&J|t»±4 0 0nmi:Ufc. ft*5» -LBB«>iT 
*>i&**,fctfni^.k*K *^«SWUB (2) <7>mm 
&«oT^Si«»S«* (3) #jeiriK3*i.«. ~<r>mi$. 

[0 0 191 ifcfc:, 03 (b) jc^bfcj:5l-s 
S«i^iS^2 0nme«©Bfe{lilR (4) Sr/fc6£ii\ * 
fctC S4Rf?H6«i*fclfc1Wf (13) WSfcfeKs k 
SdSri^jfift (1 x 1 0"/ cm') -C*T*>&t?o 
0. 0 5wmt»fo*o 

($*Lfc«t^ *jS&ttlcB3 (c) Ki^LfcJ:5K, 

^•ffcis (5) &$ufj£s«fc-ei£SN-s. mmm 20 n 

mi?fc5. Jfcfc:, 0 3 (d) K#UfcJ:iHc. !)y^7 
<fb8S (2) tfflStvfcfitt^ts^t*®^ 

(5) (D*sr^*-r&. r»itfBi0-mji*.ftv^ a 

fa\z.»>Z>mi-ftm i 6Mk®i <2) 0>W*H:a»a»o-CV**. 
*fc, ttftK (5) coAllXliTflftcoigf^flg (4) -eiii* 
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[0 0 2 01 Sfel-. 0 3 (e) »w*bfc«t^l-. J^Jifc 
LfcJ8<oJlia»-<D^ W8t&fcl& (5* ) 4r?gfifei-5o 

Wk<ommz&L&-t*i>K *HJS«a)-ei*s 0. l^mo^ 

10 #!lK!6'fbJK (5* ) ©MaoT, ft-hfl* «P 

WO. -tjunfefeft* i©J:5l-> Sfil^Ptx* 

[0 0 2 11 ?fel^ 04 (a.) fc*Lfci5&, SHbK 
(5) , {Blffi&fbtt (5' ) fcT^KLT, StECF 
?4^v<?>*mtzi:*>m (6) ^«>^/«U-C 

*5v>fcia:«fc« (13) &iiBL<omkmm&tti&t : £><> 

iClgiaot, ttfcS^ MOSFET©y-^t 
20 [0 0 2 21 K9^^y^-V;/tt«««>^ffi»-«<SSrS 

^^i>ivr*>ii*xa<o«sigi:-t-5fc«>»Cx 04 (b) 

fc^LfcJ; Bfe^tJK (7) S:*«.^*o ««Sr§ 

BU^ttl Onmtbfc. ttt, ^©^fc8SSfjlb-C, 
MOSFET«>U^«jEE«rOTe-!-3;fc*>©, 
t,a*ftffVV (8) SrTBMifc-*-*. ^^Vffi 

lisKo VT?*> 9 . 1X10 "^fe 1X10 

30 Vcm'T?*!), #It>»**^^-tt2 O K 

[0 0 2 3] ^^-^JT^ii^l&T^s «fiU^f«Co 
fc^bflR (7) &7s'K*^A/fc:JgiK-eB**U S 
(r x El 4 (c) I^L.fc«fcP(-, MOSFET©^-h 

m-fb«si o) hKK&im&ti&z&K* m<tm<omm 

5 n mt?*> 9 , fifefb®fl[»* 8 5 CCk Ufc. 
[0 0 2 4] Jfct^. 04 (d) I^Ufc«t5IC, H 
WS&b^f^^^T^ (10) Sr^^^5/^»T?ltffl 

l, -mttrjmfrhK&mm (id sr* 

^bSn-cu*5<ot?, K^bJK (11) * 
/yiTEOS (7 1 h9*h#'>*^y s >y f*> w 
S^SrJWffl Ufc^S^aB!Hb)^*«fe«rfflv^fc. iifcJw, 0 4 
(e) <oJ:5*-> y y^9^-<J«lftrfflv»-c. 

(12) tr^- hmffi^i-U-Cv rixS:^*^ 

[00251 *t>lc, 05 (a) Jd*bfcJ:9{c. iK-fb 
IS (1 1) ©TJaro^^T^ (10) SrAllT.-f-S., 

50 r.<ofcK ^y^fvroTI-efcSM (5) tt. W 
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i onmfiijttsa*. mmmkttM (2) fiWtU-tZZ. 

ittfcVN, Iktc. BIS (b) <OJ; 5tC, K?1'3L5'^>' 
(S) Sr^s'^^^^^-Ti* 1 , #>#*7-^<Dtf— h 

mm do) (DT^^oTv^SB^^bSi (5) i±m 

<D&*£KSL-C, $^#*i8«[^fc<D«JRJt£fUJ3b 
[0 0 2 6] SfelC, 05 (c) 
SS&fcJK (14) (DMf&tZ. 03 (e) fc^LfcflftfMW 

-c, (i3') zmtfL-rz. tr*>&t»*M* 

[0 0 2 7] 3clc< -Y *^}T*>j&*K:J:aifJk&Bft*b 
fcffelc, 05 (d) fciSbfcj;?^ ttfJ«t®c6^KlJi^ 
isyxTi" (15) &»ttttKJ(fc& WF.tS 

(e) i^Lfcj:?tc> mmmmm a 6) sri««L 

Sr. T'^^fiKtttSSrfflV^-C^V^X^V (1 8) T?8« 
*«fcBBi» (19) SrT/W 

[0 0 2 8] y-hBffiirbT^V^^^^wSE 

tttRS^if^/ilcbfc^v^^^ (15) 
<t)**>0fc, p^?*?^ <*y-?7"y. ^y'rft's ?~ 
pis, a/vwh^«)A«<DVy ^-Y KSrfflv^ls, P#l 

[0 0 2 9] *S«60!|-ms ttm«&^*W&*b-c*i^ 

able. v> 

JvfcrfcKftO, MOSFET<0«M4*^b-r^lSHfc 
[0 0 3 0] Pflas&^/$i-Sfc^ 

(5) hSffi-cfca*^*-?*^^ 
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[0031] mmmz) mMminxb\^ 

p 5SP*<OMO S F E T Srl^— ©gj&fcj&jfc-r 5 mSi' 
*J8lbV* 0 

[0032] trt, #2 <DH160!|-<?I*> ^*<0MO S 

[0 0 3 3] IBSfiWIl i^<tit-, (l) 
*#Ht86<fcBI (2) , (3) Sr> 06 (a) 

Km\siz£5*z.ie&1-Z>. *bT, 06 (b) ©«t5 

a&te&KfcSMtJgs (4) srdtss-eso mm\*.mm 

[0034] **jfi^-ci*. tt»®^<ofc»e)©^3r->- 
n*>&wft*>-?}^ *<omttni&m 1 1 naau?:, 0 6 

20 (c) *>C>06 (e) te^bfcJ: a^fbJK (50 t 
(SUffiffi^BI (5'. ) S-J&fifcbTa^v 07- (a) 

««Jv» (6) *i85. y-hmffiSr 
^t«lS (@7 (b) *»e»07 (e) t08 

(a) ) rnmwik±<mK-?$>z B 

[0 0 3 5] 8^$r)iadH-<&Xiafc#5*s> 0 
8 -..(b) fc*LfcJ:5fc. r—hmfrckW?** 

V (10) ±^C^ofc^<DJ;5^5tfc*bTV^S 

30 OSFETttfmJWfretfcVN, ^ri-Cs **lfif!l'e 
14, N0»c*bfci5«J:. st*^*m*>frbtt*>iM!7J 
feSrSfflbfc. A(*:«J«c|i. fe&^r^HS 0*^4 0 

*#M»lc»*y^€:fflv^ *T*>Ji**li 1 x 1 0»/c 
m', fT^J&^^A"*— « 40Ke Vi bfc„ 
[0 0 3 6] t©ftOlStt« 08 (c) *»fe08 
(e) (^bfe<t5t^ HJS^li:^<rabT?«>5<7>-C 

40 

[0 0 3 7] (HK&flJ 3 > » 3 <D*KS^)-ett> 
MOSFETS:, nSi pSiJ##t5> WifMOS 
FET^jS^bfc^oV^r^S. WIMOSFE 

^^^Wi:^) «r®/*1-*^S* s fc5. fc*5, MOSF 
ET«Mtt. IB i ©S&te-W-cae^fc:***-^ bfc 

[0 0 3 8] jsm^s^s^^^^*^^"*^* 

{c. *-f, 09 (a) p 

so «t (i) ommzmm (4' ) tsh^. 
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mm (5" ) zmm-s. mm u* ) nm&Ki 

Onm, mm (5" ) nmmtel 50nim?t.5. 
[0 0 3 91 Z.<»mm (5" ) «r, 139 (b) fc5*L 
tc£5^ *M^i?*S (12) co^^iS'SrfflV^T, K 

&ffi<©BMbBg (4' ) «r*fifcga**>a 0 
[0 0 4 01 *lc» (1 2) $rBfc#, 139 

(c) lc*Lfc<fc5K* M«-(5" ) Sr-r^^icU 
X. n§!03*i/w«B# (2 1) *rjgfifc-f-£fcii>^ y ^ 
fc^f*^^!**-*-*. *rfci&***/i'*-ttl 2 5K 
e Vt?» iTt-ii^attl X 1 0"/cm't*5. 
BR. 2lo-CV^6^bffll (5" ) M*>nt>&W?x 

[00411 £ fcfcv -f *>'lTt>a*fclHH'r6»ftfc 
?fcNt*L. 3i«Sr^k#Bftfcfi< 09 (d) K. 

9Ufcj;*lc. S-fblS (5" ) ©fcv>ffl# % 1-fck>t>. 
(4- ) tf/fcg-*:*, »MMbiitiBr«. 

[004 2] &K:09 (e) ©±5I^ ^bJSSSri84RW 
fcMt*Lfc*fc, P S©^*/HS«c (2 2) SrE^T* 

fefelC, BFA6 OKe VT?, I X 1 OVcm'gfi 
* (2 1) I** mm (4" ) fc^oTN'^^SixTV^ 

[oo4 3i c<©s«*s^aa-f-'Si. *r*>i£**Wfc* 

^^SiRWaJ^^o-cttflfcr*©-^, ilO (a) 
jc^LfcJ;5*»*^HH« (2 1, 2 2) *i-C$5o * 
otyKOgg$ tt 3 4 m mTJb £. 
[00441 fH^m»(kW*J5fcft***fc«> 
K:. -KtSMktt (4* , 4" ) SrBfc^ 010 (b) 
*UfcJ:5»C> SffiSrlOnmeSKflsLT, mm 

(4* ) *^Lv mm (5- ) 

5. r*v£, 010 (c) ©±51^ *hv-i^*h (l 
2) cD^^SrfflV^, Ma^ffi^Kfe^^lcS-ffclHS: 
API-*-*. 010 (d) <OJ:5tJ:> 8&<b««:J# 

g£*<5i, ai^WJcSftfb^ii^u-c, *fbJ8l (5" ) 
x?ttfrHTV*fcVN«i«|c:, 3i^#«l6fe<bJ8l (2) 

K/?l*4 0 0 nmtifeJ, 
[00451 *HiS0J-CI*. # 1 oXftWt^ Lfc, =f 

*>&WL®&Mi&-f zum*&m-rzw* eiio ( ) 

oj:5lc, n£!w*^MIi# (2 1) *r|«ni-2>* M- 

H (12) (DN'^^SrJ^fiKU-C. BF,4-2 0Ko 
V, 1 X 1 0 w /cm J <D^1?n*?ii*x (1 

w-rztcit>. v^z. %=F&mmm (2) iMi© 
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ias»&$i# (3' ) AfrWictt, 2flfi©y 

Wt^^200KeV, 2 X 1 0'Vcm'T-lT*>i& 

A/E:. inttiffionwtm 4 0 0Kev, 1 
xioVc m'K*B ^ l . e- * ®.mm=i-5mm)c 

St (2) <Dlfffijfi«»w< 4« is V 

I±, 5fc*#«t8MbiBS'P<fc*)iSK y Z1t#>iz. 

[0 0 4 61 PC- t &p§»<Or^^#T?fc:?T ?> fc* 
|c, 01 1 (a) fc^LfciM^ nSStfJ^/i'SMfcSr 
10 JhbW^^h-^^^ (12) -CSEV\ *i\ i§|j8ISfg« 
(3") *rJMtt , .6.fc«>te««o>'*, tUs 4K8UB 
(13") frJEMsfc-f Sfe«>»ct|gW*vlI*>ii*.-r 

So 

[00471 £;tuft»&*l*. XMIM 1 t?iftW tfcISi 
HfCfclU 01 1 (b) £5\z.mm (5) *«Mt» 
rfUcflS&J&J&U 011 (c) ©J:5IC «©ffllSSlc 
MK&fkDt (5* ) -MftAU 01 1 (d) <OJ;5«-, 
mum (6) *»oT&1»Jf *K,.H1 
1 (e) ©±Mtj*<Da»«r8*lbLT> "<^^bK 
20 (7) SrilUT, MOSFET©U#V^JBESrlW»-t--5 
fc*©, .Y*^fl^S^*fJvv v .JWttHR (8" ) S: 
^:UT> HI 2 (a) *»6> (c) I^LfcJ: 
p tr, K (10) OJgJ*. «JffiK<bJK (14) 
©J&fcv «Sttt® (13 a. 13 b) ©^tr^rV^, S^t 
©fiBilft (19) Sr^br. ffiilOMOSFETS:^ 

[0 0 4 81 t ^^>-C, Jt»JH^LTfc*9«v^«S€r 

[0 0 4 91 «6*«>*«feJ!;J:o"C, ffiH^OMO 

SFETSr§8ig-t-5i*|^ nSMOSFETipIM 
OSFETfc't^-bSffif-fl 111 C^ffiSiiO^W'fe 

*#S^-g-tf#tefi^y =^V3iSfflv^6>i^•cv^fc„ r©*a 
40 «lL.*>oft: ft tt*B8#©^Srfc<1-fcX>K. *^H© 
fMOSFETt pSMOSFETt^- MWSSrfPO 

[0 0 5 0] 

50 ETO*^**i»^*«>»4*!W-*"ft£fc S* 
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K W vffi««>Kfe t) MOSFET 

<»*<< *? : >?<ommftm&'i->z v- 

#M^y a^Sr^ii-^-y- htS©«(l/10© 

y- h»*ftaJ|i?a-c# s. ffitfiSMO sfet© 
•ttt-enoMo s f e t id_tia«?j*«:j&ffi u *<&y— 

[B 1 ] #3ftSU<&l» 1 (D|g^Jco^3l«:^«coW®ia o 

ib si ymmois i ©fijiii090>»3&xgB B 

[B 4 ] *3SW<oSf 1 (DHlfifi9|«j!tjtxmB3o 
[B5] '*»W©t5l©*IS«©«iftX»BI. "'• 

[b 6 1 2 <o*kw©«3axsH. 

[ B 7 ) ' 3MS W ©» 2 eJtJKfll <£>$I}j&X©Bo 
[B 8 ] *iR|M©JB 2 0|tffiM0fG&X8H. 
[091 **K<O03(D|iai^|«)ffifflS!MOSFET<O 

s&xaa. 

is to] *3§w©is 3 <r>nn&m<ommmAo s fet* 
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omsx&b. 

[01 1] #38W«9|& 3 <D*lifi9|»«ffiSMO S F E T 
[B 1 2 ] #3SW<D& 3 0>fiJfe0!)©tB*fl§!MO S F E T 
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